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[1] The sensitivity of Arctic ozone loss to polar stratospheric
cloud volume (VPSC) and chlorine and bromine loading is
explored using chemistry and transport models (CTMs). One
simulation uses multi-decadal winds and temperatures from a
general circulation model (GCM). Winter polar ozone loss
depends on both equivalent effective stratospheric chlorine
(EESC) and polar vortex characteristics (temperatures,
descent, isolation, polar stratospheric cloud amount). The
simulation reproduces a linear relationship between ozone loss
and VPSC in agreement with that derived from observations for
1992–2003. The relationship holds for EESCwithin�85% of
its maximum (�1990–2020). For lower EESC the ozone loss
varies linearly with EESC unless VPSC � 0. A second
simulation recycles a single year’s winds and temperatures
from the GCM so that polar ozone loss depends only on
changes in EESC. This simulation shows that ozone loss varies
linearly with EESC for the entire EESC range for constant,
high VPSC. Citation: Douglass, A. R., R. S. Stolarski, S. E.

Strahan, and B. C. Polansky (2006), Sensitivity of Arctic ozone loss

to polar stratospheric cloud volume and chlorine and bromine

loading in a chemistry and transport model, Geophys. Res. Lett., 33,

L17809, doi:10.1029/2006GL026492.

1. Introduction

[2] Rex et al. [2004] (hereinafter referred to as R2004)
report a linear relationship between winter-spring loss of
Arctic ozone and the volume of polar stratospheric clouds
(PSCs). R2004 used data for 10 winters between 1992 and
2003, a period when inorganic chlorine in the upper
stratosphere was close to its maximum. R2004 suggest this
relationship as an element of Chemistry Climate Model
(CCM) evaluation and point out that additional stratospheric
cooling could lead to more PSCs and additional polar ozone
loss. Chemistry and transport models (CTMs) are driven by
input meteorological fields and ignore feedback processes
that are included in CCMs, but still should reproduce this
relationship. R2004 show that the sensitivity of polar ozone
loss to the volume of PSCs (VPSC) in a version of the
SLIMCAT CTM, driven by meteorological fields from the
United Kingdom Meteorological Office UKMO, is less than
that derived from observations. Chipperfield et al. [2005]
show that a modified version of SLIMCAT reproduces the
observed relationship.

[3] Here we focus on simulations using the GSFC CTM
driven by meteorological output from a General Circulation
Model (GCM). Stolarski et al. [2006] show that simulated
mean total ozone for 60�S–60�N reproduces many aspects of
Total Ozone Mapping Spectrometer observations. Here we
show the realism of the simulated polar vortex by comparing
N2O and its horizontal gradients with N2O observed by the
Microwave Limb Sounder (MLS) on NASA’s Aura satellite
[Waters et al., 2006]. We show that the sensitivity of
simulated winter chemical loss of ozone to VPSC follows
the R2004 relationship for 1990–2020, years when the
equivalent effective stratospheric chlorine (EESC), i.e., chlo-
rine and bromine available in the stratosphere to destroy
ozone, is within 85% of its maximum. This simulation used
standard photochemical input data and a standard scenario
for chlorine and bromine source gases. We also investigate
the dependence of polar ozone loss on EESC for fixed VPSC.
[4] Simulations use the GSFC CTM and the Global

Modeling Initiative (GMI) CTM [Douglass et al., 2004],
described in Section 2. Section 3 shows comparisons with
N2O to support the realism of the simulated polar vortex and
verifies the method used to account for the ozone increase
due to transport. Results are presented in section 4 followed
by discussion and conclusions.

2. Chemistry and Transport Models

[5] Stolarski et al. [2006] describe the GSFC CTM and
the primary simulation used here. Meteorological fields
from a 50-year integration of the GEOS-4 GCM (Goddard
Earth Observing System, Version 4, General Circulation
Model) are input to the CTM. The GCM and its implemen-
tation are described elsewhere [Stolarski et al., 2006, and
references therein]. Aspects of the CTM important to this
analysis follow. Rate constant data and cross sections are
taken from JPL Evaluation 14 [Sander et al., 2003] (here-
inafter referred to as JPL2003). The polar stratospheric
cloud parameterization follows Considine et al. [2000]
and accounts for denitrification through PSC sedimentation.
The Lin and Rood [1996] constituent transport scheme is
used. The horizontal grid is 2.5� longitude and 2� latitude.
The 28 vertical levels between the surface and 0.4 hPa use a
terrain following coordinate in the troposphere and pressure
above the interface at 247 hPa. Vertical spacing is about
1 km near the tropopause and increases to 4 km near the
upper boundary. Surface boundary conditions for source
gases including CFCs, halons, methane and nitrous oxide
are specified from Scenario A2 in Appendix 4B of the
Scientific Assessment of Ozone Depletion: 2002 [World
Meteorological Organization, 2003].
[6] A second simulation investigates the dependence of

ozone loss on EESC for fixed VPSC. The Global Modeling
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Initiative CTM had already produced a simulation with
identical boundary conditions using a single years’ meteo-
rology from the GCM. A year with a cold Arctic vortex had
been chosen to estimate the maximum possible impact of
polar ozone loss. The GMI CTM used the same chemical
mechanism, rate constant and cross section data from
JPL2003, the same PSC parameterization, the same numer-
ical transport and horizontal grid resolution as the GSFC
CTM [Rotman et al., 2001; Douglass et al., 2004]. There
are 5 additional vertical levels with an upper boundary at
0.01 hPa. The GMI CTM uses SMVGEAR to solve the
photochemical part of constituent continuity equations
[Jacobson, 1995]. The VPSC is nearly identical each year
for recycled meteorology, varying slightly due to small
changes in nitric acid. The fields from the GMI CTM are
nearly identical to those obtained with the GSFC CTM for
the year with the same meteorological fields and boundary
conditions.
[7] A third simulation, using the GSFC CTM, is identi-

cal to the first simulation except that boundary conditions
for chlorine and bromine source gases are held fixed at
background levels (�1960) and its duration is 25 years
(1979–2004). This simulation is used to verify our calcu-
lation of the transport contribution to winter polar ozone
change.

3. Analysis

3.1. Arctic Polar Vortex

[8] Simulation of winter polar ozone loss requires realis-
tic simulation of temperatures, size and isolation of the
Arctic winter vortex. VPSC as used by R2004 is a proxy for

temperature, thus the realistic range for simulated VPSC

shown in the next section compared with that derived by
R2004 implies realistic temperatures. We compare simulated
N2O with that observed by Aura MLS [Froidevaux et al.,
2006] to show credibility of vortex size and mixing barriers.
Since the meteorological fields used in the CTM are taken
from a GCM, we must select simulated years for which the
meteorological fields are similar. MLS data for each month in
2005 are binned and averaged by equivalent latitude on
potential temperature surfaces. The February MLS averages
between 500 and 600 K are nearly constant within the polar
vortex and change by less than 10 ppbv from their January
values. This condition is used to select simulated winters for
comparison with MLS N2O.
[9] The binned and averaged MLS N2O for Feb. 2005

(Figure 1a) is compared with the same average for year 10
(Figure 1b) and with the Feb. mean of 29 simulated winters
that also meet this condition (Figure 1c). Year 10 of the
simulation has a trace gas boundary condition
corresponding to 1983. The comparison is similar for any
of the 29 winters that meet the above condition for the
change in N2O. All distributions are normalized by N2O at
450 K in the tropics to eliminate the time dependence on the
boundary condition and to eliminate a systematic lower
stratospheric bias in the MLS data [Froidevaux et al., 2006].
The simulation reproduces low values of high-latitude N2O
observed by MLS. Comparisons of tracer gradients are more
revealing [Sankey and Shepherd, 2003]. The location and
strength of the maximum horizontal gradients in MLS N2O
for Jan. and Feb. (Figures 1d and 1g) compare well for those
computed for the single simulated year for Jan. and Feb.
(Figures 1e and 1h) and for 29-winter mean (Figures 1f

Figure 1. (top) Feb mean N2O normalized by N2O in the tropics at 450 K: (a) MLS, (b) GSFC CTM 1983, (c) GSFC
CTM multiyear mean. (middle) Jan horizontal N2O gradients: (d) MLS, (e) GSFC CTM 1983, (f) CTM multiyear mean.
(bottom) Feb horizontal N2O gradients: (g) MLS, (h) GSFC CTM 1983, (i) GSFC CTM multiyear mean.
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